The effects of the concentration of the medium components and other cultural conditions on the total cell number and on the lipid content (mg of total lipid/108 cells) of the fat yeast Lipomyces starkeyi were examined. The no addition and deficiency of NH4+, K+, Mgt, P043-, SO42-, Zn2+, Fe3+, or Mn2+ decreased the total cell number. Mn2+ sufficiency increased the total cell number by a factor of 1.5 to 1.7, as compared with that of the standard concentration. The lipid content of the yeast was affected by six (NH4+, K+, Cat +, Zn2+, Fe3+, and Mn2+) ion concentrations. The no addition and deficiency of Zn2+ increased the lipid content by a factor ranging from 2.4 to 2.8 in comparison with that of the standard concentration. The concentration of Zn2+ also altered the lipid yield (g of lipid/100 g of glucose consumed) considerably. The concentration of Nat, Cl-, Cue, B033-, I-, Mo042-, and biotin had almost no effect on the total cell number, lipid content, and lipid yield of L. starkeyi. The cultural temperature and the initial pH value of the medium affected the total cell number and lipid content; the optimum temperature ranged from 25.5 to 29.5°C, and the optimum pH value was 4.9. A low concentration of dissolved oxygen decreased both the total cell number and lipid content. D-Glucose, D-mannose, D-galactose, Dlevulose, sucrose, D-xylose, and L-arabinose proved to be usable carbon sources for the growth and the lipid accumulation of L. starkeyi.
Some yeasts accumulate a large amount of lipid in the cells. Although studies on lipid accumulation of microorganisms have been conducted since 1878, few reports on the physiological factors of lipid accumulation of yeasts have been published (1) (2) (3) (4) . The previous research conducted at our laboratory suggested that only a few trace elements affect the growth and the intracellular lipid (mainly 29 VOL. 31 triglyceride) content of the fat yeast, Lipomyces starkeyi (5, 6) . The effects of these trace elements have been examined independently for each individual experiment. Therefore, the data from these experiments is insufficient for comparison with each other, and does not provide insight into understanding the total relationship between physiological factors and lipid accumulation.
In this study, the effects of the concentration of the medium components, cultural conditions, and carbon sources on the total cell number and on the lipid content of L, starkeyi were systematically examined.
MATERIALS AND METHODS
Organism and cultural conditions. The organism used in this work was Lipomyces starkeyi IAM 4753. A stock culture and seed culture were prepared as described previously (7) . The yeast was grown under aerobic conditions at 29.5°C with a reciprocal shaker (amplitude 7 cm, 120 rpm). Samples were taken at the stationary phase of growth (usually around 100 hr).
Composition of standard medium. The standard medium consisted of Dglucose, 30.0 g; (NH4)2504, 5.3 g; KH2PO4, 1.0 g; MgSO4.7H2O, 0.5 g; NaCI, 0.1 g; CaC12.2H2O, 0.1 g; FeC13.6H2O, 2.4 mg; ZnSO4.7H2O, 330.0 , tg; MnC12 4H2O, 79.0 ,ug; CuCl2.2H2O, 18.8 µg; Na2MoO4.2H2O, 3.2 µg; KI, 13.0 µg; H3B03, 42.9 /Lg; D-biotin, 0.2 ,ug in 1,000 ml of water which was deionized and subsequently distilled twice with an all glass unit. The pH value of the medium was adjusted to 5.3 with 0.2 N KOH and 0.2 M H3P04 before sterilization. Chemicals were of the highest grade (Wako Pure Chemical Industries, Ltd., Osaka, Japan). One hundred ml of the medium was transferred in a 500-ml shaking flask. The flask was plugged with cotton and autoclaved at 115°C for 10 min. After autoclaving the pH value of the medium was 4.8-5.0.
Measurements of total cell number, lipid content and lipid yield. The total number of cells was counted with a hemacytometer (5). The total lipid (mainly triglyceride) was extracted by disrupting the cells with glass beads, and by mixing the cells well with chloroform-methanol (5). Total lipid was measured by gravimetric determination, and the lipid content was calculated as weight (mg) of total cellular lipid per 108 cells. The lipid yield is defined as grams of total lipid produced per 100 g of the carbon source consumed (8) . Each reported value was the average of three measurements.
Measurement of residual carbon source in the medium. Glucose in the culture medium was assayed by a diagnostic assay kit (Glucose C-Test Wako, Wako Pure Chemical Industries, Ltd.). Other carbohydrates were determined by the phenol-H2SO4 method (9) . Citric acid was assayed by high-performance liquidchromatography (10) .
Control and determination of dissolved oxygen concentration in the medium. For the restriction of dissolved oxygen concentration, the cotton plug on 500-ml 31 shaking flask containing 100 ml of the medium was covered with polyethylenefilm (thickness 0.06 mm). To achieve high concentration of dissolved oxygen, 50 ml of the medium was transferred into a 500-m1 shaking flask. The standard condition was 100 ml of the medium in a 500-m1 shaking flask. Dissolved oxygen concentration in the culture medium was monitored continuously with an oxygenelectrode (DKK Type 7606, Denki Kagaku Keiki Co., Ltd., Tokyo, Japan). This was connected to a trip amplifier. The output signal from the trip amplifier was recorded.
RESULTS
Many factors were to be examined in this study, therefore the experiments were divided into 20 separate culture groups. Each culture group contained a standard experimental case. Some variance was seen among the standard experimental cases, thus the experimental results were compared and discussed within each culture group. Experimental results are shown in the following order: effects of major cations (Tables 1 and 2 ) ; effects of major anions (Table 3) ; effects of minor cations (Table 4) ; effects of minor anions (Table 5) ; effects of cultural conditions (Table 6) ; effects of glucose concentration and carbon sources (Table  7) .
Factors affecting total cell number L. starkeyi showed almost no growth in the medium without NH4+, K+, Table 1 . Effects of major cations (I).
Mgt, P043-, or SO42- (Tables 1 and 3 ). The total cell number in the no addition of Zn2+, Fe3+, or Mn2+ was 3O-60° of that in the standard medium (Table 4) . Total cell number increased with the increase in Mn2+ concentration (Table 4) . Lower and higher initial pH values (outside of the range 3.7-4.9), lower and Table 4 . Effects of minor cation. Table 5 . Effects of minor anions and biotin. Table 6 . Effects of cultural conditions. Table 7 . Effects of glucose concentration and carbon sources.
higher cultural temperatures (outside of the range 25.5-29.5°C), and a low concentration of dissolved oxygen in the medium reduced the total cell number (Table  6 and Fig. 1 (Tables 1, 4 , 6, and Fig. 1 ). The effect of Zn2+ concentration proved to be the most significant (Table 4) . No addition and deficiency of Zn2 + resulted in a high lipid yield. No addition of Mn2+, an extraordinarily low initial pH value (1.8), a low cultural temperature (15°C) and a low concentration of dissolved oxygen decreased the lipid yield (Tables 4, 6 and Fig. 1 ).
Effects of carbon sources on growth and lipid content Table 7 shows effects of glucose concentration and carbon sources on the total cell number, lipid content, and lipid yield. Glucose did not affect the total cell : standard condition with cotton plug (100 ml of medium in 500-ml shaking flask), -•-• : the cotton plug was covered with polyethylene-film (thickness 0.06 mm), ------: culture medium was limited to 50 ml under standard condition. VOL. 31 number within the tested concentration. The lipid content increased with the increase in glucose concentration from 10 g/l to 100 g/l.
All carbon sources tested in this work were assimilated by L. starkeyi with the exception of lactose and lactate. The total cell number in many carbon sources was equivalent to that in glucose. The cellular lipid content in maltose starch, inulin, and citrate was lower than that in glucose. Maltose and citrate decreased the lipid yield. L-arabinose provided a higher lipid yield comparison with glucose.
DISCUSSION
In comparison with the value obtained from the experiment of standard concentration, the effects of the deficiency or the sufficiency of medium component on total cell number, lipid content, and on lipid yield of L. starkeyi can be classified into four groups (Tables 1-5 ). Biotin, Mo042-, I-, B033-, Cue, Cl-and Na+ belong to the first group; their concentrations had almost no effect on total cell number, lipid content, and lipid yield. The second group consisted of NH4+ , K+ Mgt, P043-, 5042-, and Fe3+. The no addition and deficiency of these ions increased or decreased total cell number, lipid content, and lipid yield, but the sufficiency of these ions did not increase or decrease them. A sufficient amount of Ca2+ (the third group) increased the lipid content. The no addition, deficiency, and sufficiency of Zn2+ and Mn2+, the members of the fourth group, increased or decreased total cell number, lipid content, and lipid yield. These results also indicate that the second and fourth group ions are essential to the normal growth of L. starkeyi.
Our preliminary study has suggested that the total cell number and the lipid content of L, starkeyi were affected by concentrations of NH4+, Mn2 +, and Zn2 + (6) . This previous suggestion is confirmed by the present work.
When the cotton plug of the shaking flask was covered with polyethylenefilm, dissolved oxygen in the medium was not detected after 40 hr (Fig. 1) . The total cell number under this condition was approximately one half of the standard cultural condition (Table 6 ). This fact suggests that L. starkeyi was a highly aerobic yeast.
Significance of the ratio of carbon source to the nitrogen source has been presented in studies of the lipid accumulation by microorgansims (3, 4, 11, 12) .
In this work, we demonstrated that important factors for lipid accumulation of L. starkeyi were not only the C/N balance but also an adequate concentration of several inorganic ions, especially Zn2+ (Tables 1, 4 , and 7). The new finding of Zn2+ effect was achieved by using chemicals and water of the highest purity. These conditions were assumed to be quite difficult to attain in the era of 1940-1960.
